Single-crystal X-ray study T = 150 K Mean (C-C) = 0.004 Å R factor = 0.023 wR factor = 0.046 Data-to-parameter ratio = 15.4
The title compound, (I), is an unexpected product, obtained in an attempt to prepare a WS 4 (CdCl) 2 (Hmimt) n complex [Hmimt = 1-methylimidazoline-2(3H)-thione]. The molecular structure of (I) is shown in Fig. 1 , and selected bond lengths and angles are listed in Table 1 . The Cd II ion is coordinated by two Cl À and two S-bonded monodentate Hmimt ligands, to give a distorted tetrahedral S 2 Cl 2 donor set. The major distortions from regular tetrahedral geometry are an enlarged S-Cd-S angle and considerable variation in the four S-Cd-Cl angles. These are probably a result mainly of steric interactions.
The essentially planar Hmimt ligands are in their neutral thione form. Their geometry is typical of this ligand attached in a monodentate fashion through S to metal ions; the mean C S bond length for almost 100 occurrences of this ligand in 39 crystal structures in the Cambridge Structural Database (version 5.26 with two updates, May 2005; Allen, 2002) is 1.718 Å , over a range of 1.684-1.750 Å with the omission of a few outliers, and compares with C S bond lengths of 1.729 (3) and 1.733 (3) Å in (I). These bonds are thus lengthened and weakened on coordination, as expected, compared with their greater double-bond character in the uncomplexed ligand, which has a C S bond length of 1.685 (2) Å (Raper et al., 1983; Vampa et al., 1995) . The geometric results are in agreement with spectroscopic observations (see Experimental section).
The structure of (I) may be compared with those of other [MX 2 (Hmimt) 2 ] complexes (M = Cd or Hg, and X = Cl, Br or I). All of these have monomeric molecules with a distorted tetrahedral coordination geometry about the metal atom, and the variations in bond lengths and angles can be readily understood in terms of the sizes of the metal and halogen atoms. None of the other complexes is isomorphous with (I). Indeed, all five known structures have different space groups and packing arrangements (Bell et al., 2000 (Bell et al., , 2004 Pavlović et al., 2000) . The bromo analogue of (I) has an unusual structure, with six molecules in the asymmetric unit and a high degree of pseudo-symmetry (Bell et al., 2004) .
The N-H groups of the two Hmimt ligands in (I) engage in hydrogen bonds. One of these is intramolecular, to atom Cl2, and presumably contributes to the lengthening of this Cd-Cl bond relative to the other. The other hydrogen bond is intermolecular, to the S atom of an adjacent Hmimt ligand, and generates centrosymmetric dimers ( Fig. 2 and Table 2 ).
Experimental
CdCl 2 ÁH 2 O (1.12 g, 5.56 mmol) was added to a suspension of (NH 4 ) 2 [WS 4 ] (0.967 g, 2.78 mmol) in acetone (70 ml) and the mixture was stirred for 1 h. Hmimt (0.71 g, 6.22 mmol) was added to this solution and the mixture was stirred for another 4 h at room temperature. The mixture was centrifuged and the yellow supernatant liquid was decanted and evaporated to dryness in a vacuum. The residue was washed with diethyl ether (2 Â 5 ml) and n-pentane (2 Â 5 ml) to remove any unreacted Hmimt, and dried in a vacuum to give an orange-yellow powder. Both IR [(W-S) = 441 cm À1 , (C S) = 506 cm À1 and (N-H) = 3133 cm À1 ] and UV-vis max = 430, 374, 315 and 273 nm) spectra of the product confirmed the presence of WS 4 and S-bonded Hmimt ligands. In the solid state, the complex is air-stable and can be stored for months in a desiccator, but it decomposed slowly when diethyl ether was diffused slowly into an acetone solution of the product over 3 d at room temperature, resulting in the formation of pale-yellow crystals with an empirical formula C 8 H 12 CdCl 2 N 4 S 2 , as confirmed by X-ray crystallography. The air-stable crystals of this compound are insoluble in common organic solvents, but soluble in solvents with pronounced donor properties, such as dimethyl sulfoxide and dimethylformamide. 1 H NMR (DMSO-d 6 , 298 K, , p.p.m.): 12.01 (s, NH), 6.98 (s, CH), 6.80 (s, CH), 3.32 (s, NCH 3 ); 13 C NMR (DMSO-d 6 , 298 K, , p.p.m.): 160.52 (C1/5), 120.05 and 114.62 (C2/6 and C3/7), 33.99 (C4/8) (see Fig. 1 for atom numbering). In the NMR spectra of the complex, the ligand signals are shifted down-field from their positions in the spectra of the free ligand (Casa et al., 1996) , suggesting that, in DMSO-d 6 , the ligand remains coordinated to the metal. The absence of a weak S-H signal of the thiol form of the ligand in the 1 H NMR spectrum of the complex confirms that coordination of Hmimt in DMSO-d 6 solution, as in the solid state, takes place only through the S atom, the Hmimt ligands being in the neutral thione form.
Crystal data
[CdCl 2 (C 4 A centrosymmetric dimer in (I), formed by a pair of intermolecular N-HÁ Á ÁS hydrogen bonds. All hydrogen bonds are shown as dashed lines. Unlabelled atoms are generated by the symmetry operation (Àx, 1 À y, 1 À z).
Table 1
Selected geometric parameters (Å , ).
Cd-Cl1
2.4410 (7) Cd-Cl2 2.5175 (7) Cd-S1 2.5392 (7) Cd-S2 2.5663 (7) S1-C1 1.729 (3) S2-C5 1.733 (3) Cl1-Cd-Cl2 104.43 (2) Cl1-Cd-S1 111.60 (2) Cl1-Cd-S2 116.52 (2) Cl2-Cd-S1 106.84 (2) Cl2-Cd-S2 97.66 (2) S1-Cd-S2 117.32 (2) Cd-S1-C1 107.78 (9) Cd-S2-C5 102.85 (9) Table 2 Hydrogen-bond geometry (Å , ). (3) 173 (3) Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1.
All H atoms were located in a difference map. Those bonded to N were refined with unconstrained coordinates and U iso (H) = 1.2U eq (N). Other H atoms were refined as riding with idealized geometries, including free rotation of methyl groups about the C-C bonds (C-H = 0.95-0.98 Å ), with the constraint U iso (H) = 1.2U eq (C) or 1.5U eq (methyl C) applied.
Data collection: COLLECT (Nonius, 1998); cell refinement: EVALCCD (Duisenberg et al., 2003) ; data reduction: EVALCCD; program(s) used to solve structure: SHELXTL (Sheldrick, 2001); program(s) used to refine structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL and local programs. where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.36 e Å −3 Δρ min = −0.32 e Å −3 Extinction correction: SHELXTL (Sheldrick, 2001) , Fc * =kFc[1+0.001xFc 2 λ 3 /sin(2θ)] -1/4 Extinction coefficient: 0.0027 (3)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (14) Geometric parameters (Å, º) Cd-Cl1 2.4410 (7) C4-H4B 0.980 Cd-Cl2 2.5175 (7) C4-H4C 0.980 Cd-S1 2.5392 (7) S2-C5 1.733 (3) Cd-S2 2.5663 (7) C5-N3 1.341 (3) S1-C1 1.729 ( 
